INTRODUCTION
Xylenol (dimethyl phenol) is an organic compound which has six isomers. It has molecular structure (CH 3 ) 2 C 6 H 3 OH with 122.166 amu molecular weight and differs from xylene isomer by additional one hydroxyl group attached (-OH). 2,6-Xylenol is the most economically important isomer among all isomers and can be found naturally in coal tar, and however, it is very limited and 2,6-xylenol is mostly produced synthetically. Xylenol isomers dissolve in most organic compounds such as alcohols and acetone [1] . Theoretical calculations and experimental measurements of the ionization potentials of xylenol isomers were given in the literature by using photoelectron spectroscopy (PES) method [2] or theoretically by using a different level of theories (RHF-6-31G**) [3] . Atmospheric oxidation and dissociation dynamics were investigated by using Ab-initio methods [4] . HOMO-LUMO energies of the 2,6-Xylenol isomer were calculated by using DFT method [5] .
Contamination effects on the soil and impact on the human health of the xylenol isomers were investigated by electron ionization mass spectrometry method [6] . Some groups have investigated these contaminants using Supersonic Jet-Resonance Enhanced Multiphoton Ionization/TOF-MS (SSJ/REMPI/TOF-MS) method and found that 2,4-xylenol is most distinguished isomer among the others [7] . In the other work, the same group has shown that identification of 2,4-xylenol in the sea and river water is possible by using Gas Chromatography/SSJ/REMPI/TOF-MS method [8] .
Xylenol and similar volatile organic compounds have side effects on the health and these chemicals are mostly found or produced in the tobacco derivatives and their smokes. Xylenols, as well as propene, butadiene, butene, benzene, pentene, toluene, xylene and cresol chemicals, are detected in the human breath by using single photon ionisation TOF-MS method [9] .
There are no theoretical investigations of all isomers of the xylenol in a single work in the literature and also ionization dynamics in the femtosecond timescale of the xylenol isomers were not existed due to the authors' knowledge.
MATERIALS AND METHODS
In order to determine the most stable molecular conformations, the conformational analysis of the xylenol molecule was performed using semi-empirical method PM3 core type Hamiltonian and the Spartan08 software (Wavefunction Inc., Irvine, CA). Subsequently, geometry optimizations of the all possible conformers were performed by B3LYP functional with 6-311++G(d,p) basis set by using Gaussian03W program [10] to find the most stable conformer structure. After the determination of the most stable conformers of the xylenol isomers, molecular orbitals (LUMO+1, LUMO, HOMO, HOMO-1), vertical/adiabatic ionization energies were calculated using the Density Functional Theory (DFT) with B3LYP functional and 6-311++G(d,p) basis set. In calculation of the adiabatic ionisation energy, geometry of the ionic molecule differs from its neutral (relaxation takes place), geometry optimisation was performed before calculation of frequency. Contrarily in the case of the vertical ionisation, a geometry optimisation was not applied since the ionic molecule has the same geometry with its neutral. A Similar computational scheme was presented in detail elsewhere [11, 12] .
In this work, a femtosecond (fs) amplifier laser system (Quantronix, Integra-C-3.5, NY, USA) as an energy/ionization source delivering laser pulses with up to 3.5 mJ energy per pulse at a wavelength of ~800 nm, ~90 fs pulse duration, 1 kHz repetition rate and 8 mm output beam diameter was used. The laser beam is tightly focused by a biconvex lens with a 25 cm effective focal length. During experiments, laser intensities were changed from 2.6×10 13 to 2.6×10 14 W/cm 2 at the focal point and changed using a circular variable metallic neutral density filter (Newport, CA, USA). Xylenol isomers obtained from Alfa Aeser of a >98% purity (2,5-xylenol from Sigma Aldrich >99% purity) were used without further sample purification. The sample in the sample container was externally heated by a heat gun to obtain sufficient sample pressure in the ionisation chamber and remove residual gases trapped in the crystal from xylenol isomers (except 2,4-xylenol which is in the liquid phase at the room temperature). Before data was taken, samples introduced to the ionisation chamber until the pressure increases upto a few times 10 -2 mbar and samples was degassed and samples were introduced effusively to the ionization region. Mass spectral resolution of the system measured to be ~200 at the m/z=100 amu. Data recording and analyses of the mass spectra were performed by using custom built MATLAB program [13] . Details of fs-L-TOF-MS system were described in elsewhere [14] .
RESULTS AND DISCUSSION
The conformational analysis of the xylenol molecule was performed using semi-empirical method PM3 core type Hamiltonian. In order to find conformers we set each carbon and methyl group bond (C-CH 3 ) a 12 fold (30 degree per step) rotation and 36 fold (10 degree per step) rotation for each carbon-hydroxy (C-OH) group bond and searched for 5184 possible conformers and we found; 10, 10, 9, 6, 3 and 11 different conformers for 2,3-xylenol, 2,4-xylenol, 2,5-xylenol, 2,6-xylenol, 3,4-xylenol and 3,5-xylenol, respectively. In order to determine
the most stable conformations of xylenol molecule, the DFT calculations with the B3LYP/6-311++G(d,p) basis set have been used, and most stable conformers of the isomers are shown in Fig. 1 Table 2 and 3 and it can be seen from literature that they are in consistent with the experimental works given elsewhere [2] [3] [4] [5] . In Table 2 we present the adiabatic and vertical ionization energies of the xylenol isomers and energy difference relative to its neutral (relative energy column). Also, we presented the comparison of the calculated molecular properties of the 2,6-xylenol (and full structures for xylenol isomers available in the supporting information) with results presented in the literature [5] .
Mass spectra of xylenol (122 amu) isomers are given in Fig. 2 given in relative ion intensities against mass to charge ratio (m/z) for the 1000 mW laser pulse power. Dissociation of the 2,3-xylenol (and similarly 2,4-xylenol) isomer begin with the appearance of the H + ion peak and with increasing laser power C 1 ion peak, C 1 H n group ions and molecular ion peaks were observed. Similar ionisation/dissociation pattern was observed for the 2,5-xylenol with an additional C 2 H n group and m/z=106 (-O loss). 2,6-xylenol has followed a similar process in the case of less laser pulse power (100 mW). H + ion peak was the first observed peak for 3,4-xylenol and 3,5-xylenol in the case of lowest laser power while parent ion peak intensity becomes a dominant one as laser power increased for these isomers.
Laser pulse power (intensity) dependant ionisation results were revealed that at low-intensity regime ID and DI processes in competition and ID process dominate spectra with increasing laser intensity. In the low laser intensity regime, lower order multiphoton processes can be taken place and the HOMO-LUMO transition is within the limit of the three or four-photon excitation scheme. Calculated HOMO-LUMO energy gap presented in Table I and which are calculated to be between 5.598-5.761 eV. Therefore, relaxation from the excited states can affect the ionization process and investigation of these molecular energy levels can enlighten the relaxation pathways.
In the case of the 2,3-xylenol, 2,4-xylenol and 2,5-xylenol isomers, ion intensities were reached in saturation about ~1000mW laser power while similar process was observed at the ~500mW lase pulse power values for remaining isomers due to the log-log graph in Fig. 3 Slopes of the curves for the ion intensity versus laser pulse power in log-log graph for the molecular ion [M] + of the xylenol isomers were 3.22, 3.11, 3.77, 3.63, 6.29 and 6.12. In the literature, ionisation potentials were measured ~8-9eV by using PES (Photoelectron Spectroscopy). Only 3,4-xylenol and 3,5-xylenol isomers have 6-photon ionisation process (which is pure ID process) and consistent with other experimental works and calculated vertical ionization energies presented in Table II . Slopes of the other ion peaks (ion intensity versus laser pulse power log-log graph) have the similar values that was observed for molecular ion. So, it can be concluded that these ions originated from the same precursor (molecular ion). 
